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FSO COMMUNICATIONS TERMINALS FOR
CONNECTING TELECOMMUNICATIONS
CARDS

PRIORITY

This nonprovisional application 1s a U.S. National Stage
Filing under 35 U.S.C. § 371 of International Patent Appli-
cation Serial No. PCT/EP2013/077982, filed Dec. 24, 2013,
and entitled “FSO Communications Terminals For Connect-
ing Telecommunications Cards.”

TECHNICAL FIELD

The present invention relates to free space optical (FSO)
communications terminals for telecommunications cards.
The present invention further relates to telecommunications
cards comprising FSO optical communications terminals, an
optical backplane, a router and an optical node.

BACKGROUND

Currently, connections between telecommunications
cards 1n routers are realised via a backplane based on
clectrical circuitry. The backplane comprises electrical lines
and, at the interfaces between the backplane and each of the
cards the backplane comprises an electrical pin. The cards
are plugged onto the electrical pins. Usually the cards can be
plugged onto the pins without the need for a mechanical
adjustment mechanism, although an exception exists for
particularly dense cards, where a mechanical adjustment
mechanism might be required to increase the insertion
accuracy, so as to avoid damaging the pins.

However, as data throughput continues to increase, these
clectrical connections will need to be updated to support
higher capacity. The next throughput capacity will require
line cards to process data flows at 400 Gbps and beyond.
Thus, the electrical lines will be required to support
increased electrical bandwidth, for example up to 25 GHz
over tens ol centimeters.

At these distances and capacities using optical rather than
clectrical lines to realise the connections 1s a viable alter-
native, due to the ability of optical connections to support
high throughput, with a more sustainable footprint, lower
power consumption, interference and density.

In the article “An optical Backplane Connection System
with Pluggable Active Board Interfaces™, Richard Pitwon,
Ken Hopkins and Dave Milward, Xyratex White Paper 2007
a system 1s proposed for providing optical connections
between line cards 1n a router.

However, a problem with this system 1s that the tolerance
to lateral misalignment of the optical interfaces 1s only 1n the
region of 50 micrometers. In comparison, the tolerance to
lateral misalignment for electrical pins 1s approximately 1
millimeter. Thus, mechanical mechanisms are required to
align the transmitting and receiving optical interfaces, 1n
order to achieve good system performance and avoid wast-

ing optical power. However, these mechanisms are costly, as
they need to compensate for vibrations, temperature changes
and ageing, and there are also operational costs 1nvolved to
train personnel at the sites to operate the mechamisms.
Further, active self-aligning mechanisms for the optical
interfaces are also unpractical, for cost, reliability, life time
and power consumption reasons.
The present mvention aims to address these problems.

SUMMARY

According to the present invention there 1s provided a free
space optical (FSO) communications terminal for a first
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telecommunications card or a backplane. The FSO terminal
comprises a plurality of transmission interfaces. The FSO
terminal further comprises a light signal generating umnit
adapted to generate a plurality of light signals. Each of the
plurality of light signals carries the same information as the
other one or more of the plurality of light signals and 1s
arranged for transmission through a respective one of the
plurality of transmission interfaces. Each of the plurality of
light s1gnals 1s at a different orthogonal mode from the other
one or more of the plurality of light signals.

There 1s also provided a free space optical (FSO) com-
munications terminal for a second telecommunications card
or a backplane. The FSO terminal comprises a plurality of
receive interfaces. Each of the plurality of receive interfaces
1s adapted to receive a light signal carrying information. The
light signal may be at any one of a plurality of orthogonal
modes. The FSO terminal further comprises a plurality of
optical-to-electrical signal convertors.

Embodiments of the present invention have the advantage
that optical connections between telecommunications cards
can be realised, with improved tolerance to misalignment of
the transmitting and receiving terminals, 1n a cost eflicient
mannet.

In a first embodiment of the present invention each of the
plurality of optical-to-electrical signal convertors 1s opti-
cally coupled to a respective one of the plurality of receive
interfaces. Advantageously, this may provide a simple con-
figuration.

However, 1n a second, preferred embodiment of the
present 1mvention, the FSO receiver terminal may further
comprise an orthogonal mode selector. The orthogonal mode
selector 1s optically coupled to each of the receive interfaces
and 1s adapted to pass recerved light signals at respective
orthogonal modes to respective ones of the plurality of
optical-to-electrical signal convertors. This embodiment has
the advantage that the recerved light signals can be 1dentified
(and also any non-received light signals can be i1dentified).
Advantageously, this enables the transmitting terminal to
improve its power efliciency. For example, the transmitting
terminal may increase the power of a received light signal,
so as to improve the connection, and or turn ofl, or reduce
the power of, a non-received light signal (or a light signal
only received at very low power).

The light signal generating unit may be adapted to selec-
tively turn off or adjust the power of each of the plurality of
light signals. In particular, the light signal generating unit
may be adapted to recerve an indication i1dentifying one or
more orthogonal modes (1.¢. one or more of the plurality of
light signals) and to selectively turn off or adjust the power
ol at least one of the plurality of light signals based on the
indication.

In an embodiment of the present invention, the FSO
receiver terminal may comprise a selector adapted to selec-
tively pass an electrical signal output by a selected one of the
plurality of optical-to-electrical signal convertors to an
information recovery unit.

In a preferred embodiment of the present invention, the
FSO recerver terminal may further comprise a plurality of
optical power detectors. Each of the optical power detectors
1s adapted to detect the power of a light signal received by
a respective one of the plurality of optical-to-electrical
signal convertors. The selected one of the plurality of
optical-to-electrical signal convertors may be selected based
on the power of the light signal received by that optical-to-
clectrical signal convertor. Thus, advantageously, this
enables a high performance link (for example the link with
the highest optical power) to be selected.
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The FSO receiver terminal may further comprise a pro-
cessing unit adapted to form an 1ndication identifying one or
more of the plurality of orthogonal modes. The indication
may be formed dependent on, for each of the one or more
orthogonal modes, whether a light signal 1s received by the
optical-to-electrical signal convertor associated with that
orthogonal mode, and optionally, 11 so, the power of the light
signal.

In a preferred embodiment of the present invention, each
of the receive interfaces 1s circular and the receive interfaces
are arranged according to circle packing. As known in the
art, “circle packing” requires that the circles are arranged
such that the circles are touching but not overlapping.
Advantageously, this enables the spaces between the receive
interfaces, where a light signal cannot be received, to be
mimmised, and therefore the likelihood that a light signal
transmitted to the receiving terminal 1s received by a receive
interface can be increased.

According to the present invention, there 1s also provided
a telecommunications card comprising one or more FSO
transmitter terminals as described above and or one or more
FSO recerver terminals as described above.

Advantageously, the FSO terminals may be arranged such
that information can be transmitted directly between the
telecommunications cards via the FSO terminals. However,
in alternative embodiments, the FSO terminals may be
arranged such that the information can be transmitted
between the telecommunications cards via an optical back-
plane.

According to the present mvention, there 1s provided a
backplane comprising a first free space optical (FSO) com-
munications terminal comprising a plurality of receive inter-
taces. Each of the plurality of receiver interfaces 1s adapted
to receive a light signal carrying information. The light
signal may be at any one of a plurality of orthogonal modes.
The backplane also comprises a second free space optical
(FSO) communications terminal comprising a plurality of
transmission interfaces. The backplane further comprises an
optical fibre arrangement adapted such that each light signal
received by the first FSO terminal 1s conveyed to the second
FSO terminal such that received light signals at respective
orthogonal modes are transmitted through respective ones of
the plurality of transmission interfaces.

This embodiment has the advantage that the backplane
may comprise only passive optical components (1.e. optical
components which require no power source), which may be
cheaper and more reliable than active optical components.

In a preferred embodiment of the present invention, the
optical fibre arrangement comprises an orthogonal mode
multiplexer adapted to multiplex each of the light signals
received by the first FSO terminal into a combined light
signal. The optical fibre arrangement further comprises an
orthogonal mode de-multiplexer adapted to de-multiplex the
combined light signal 1into a plurality of light signals, each
at a respective orthogonal mode, for transmission through a
respective one of the plurality of transmission interfaces.
Thus, advantageously, the received light signals may be
conveyed to the transmitting terminal through a single
optical fibre which, given the distance between the first and
second FSO terminals may be several meters, may lead to a
significant cost saving.

There 1s also provided a backplane comprising a first FSO
receiver terminal as described previously and a second FSO
transmitter terminal as described previously, wherein the
light signal generating unit 1s adapted to generate the plu-
rality of light signals using an electrical signal output by one
of the electrical-to-optical signal convertors.
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This embodiment may require that the backplane com-
prises active components (1.e. components which require a
power source). However, this embodiment has the advan-
tage that the tolerance to misalignment between the first and
second FSO terminals and their opposite terminals on the
telecommunications cards can be increased, since even 1f
only one light signal i1s received by the first FSO terminal,
a plurality of light signals may be transmitted from the
second FSO terminal.

There 1s also provided a router or an optical node com-
prising one or more first telecommunications cards compris-
ing an FSO transmitter terminal as described above, and one
or more second telecommunications cards comprising a
receiver FSO terminal as described above. Optionally, the
router or optical node may further comprise a backplane as
described above.

DESCRIPTION OF THE DRAWINGS

Embodiments of the present imvention will now be
described, by way of example only, with reference to the
accompanying drawings in which:

FIG. 1 shows a pair of corresponding FSO communica-
tions terminals according to a first embodiment the present
invention;

FIG. 2 shows an example of an FSO transmitter terminal
according to an embodiment of the present invention;

FIG. 3 shows an example of an FSO receiver terminal
according to a first embodiment of the present invention;

FIG. 4 shows an example of an FSO receiver terminal
according to a second embodiment of the present invention;

FIG. 5 shows an example of a receive Interface;

FIG. 6 shows an FSO communications terminal according,
to a second embodiment of the present mnvention;

FIG. 7 shows a further example of a pair of corresponding,
FSO communications terminal according to an embodiment
of the present 1invention;

FIG. 8 shows examples the pair of FSO communications
terminals shown i FIG. 7 when they are misaligned with
each other:

FIG. 9 illustrates an example where two of the transmitted
light signals fall between the receive terminals on the
opposite FSO communications terminal;

FIG. 10 illustrates two telecommunications cards con-
nected via a backplane;

FIG. 11 illustrates an example of a passive optical back-
plane according to an embodiment of the present invention;
and

FIG. 12 illustrates an example of an active optical back-
plane according to an embodiment of the present invention.

DESCRIPTION

FIG. 1 illustrates an example of first and second Free
Space Optical (FSO) communication terminals 10 suitable
for transmitting information (traflic) between telecommuni-
cation cards according to an embodiment of the present
invention.

The term “telecommunication card™ 1s intended to refer to
cards (printed circuit boards comprising electronic compo-
nents) for use in telecommunications networks. The tele-
communication cards may, for example but not exclusively,
be line cards 1n a router or transponders 1n an optical node.

In this example, each of the FSO terminals 10 1s adapted
to recerve and transmit information, thus enabling two-way
communication between the telecommunications cards (not
shown). However, 1in an alternative embodiment, only one of
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the FSO terminals 10 may be adapted to receive information,
and the other FSO terminal 10 may be adapted to transmuit
information.

FIG. 2 illustrates an example of a FSO (transmitter)
terminal 10. The FSO terminal 10 comprises a plurality of
transmission interfaces 12. Note that these transmission
interfaces 12 are not drawn to scale. Each of the transmis-
sion interfaces 12 1s circular. The transmission interfaces 12
are spaced apart from the other. In this example, each of the
transmission nterfaces 12 comprises the end of a respective
single mode optical fibre 22. Thus, each of the transmission
interfaces 12 1s around 10 micrometers in diameter.

The FSO transmitter terminal 10 further comprises a light
signal generating unit 14, which 1s adapted to generate a
plurality of light signals. Each of the light signals carries the
same information as the other one or more of the plurality of
light signals, but 1s at a different orthogonal mode from each
of the other one or more of the light signals.

In this example, the light signal generating unit 14 com-
prises a plurality of lasers 16, each coupled to a respective
modulator 18, 1n this example by a respective optical fibre
22. The modulators 18 modulate the light signals to carry the
information (tratlic) to be transmitted. As will be understood
by those skilled in the art, any modulation format may be
used, for example OOK (on off keying) or DQPSK (differ-
ential phase-shift keying). The tratlic may have a bit rate, of
for example up to 100 Gbps. The modulated light signals are
then passed, 1in this example again by respective optical
fibres 22, to an orthogonal mode generator 20, which
converts each of the light signals to a respective (i.e.
different) orthogonal mode.

Advantageously, this example may provide a cost eflec-
tive implementation. The lasers 16 may be common com-
mercial lasers, and the orthogonal modes generator 20 may
simply comprise a plurality of passive masks which each
convert a light signal passed there through to a respective
orthogonal mode. However, other implementations are pos-
sible, as will be appreciated by those skilled 1n the art.

Each of the light signals 1s then passed to a respective one
of the transmission interfaces 12, 1n this example by a
respective optical fibre 22. The light signals are then trans-
mitted through the transmission interfaces 12.

An example of an FSO receiver terminal 10 according to
a first embodiment of the present invention will now be
described with reference to FIG. 3.

The FSO recerver terminal 10 comprises a plurality of
receive interfaces 24, which are each adapted to receive a
light signal carrying information. The light signal may be at
any one ol a plurality of orthogonal modes.

Again note that the receive interfaces 24 are not drawn to
scale. Each of the receirve interfaces 1s circular. In this
example, each of the recerve interfaces 24 comprises an end
of a respective multi-mode optical fibre 28. This has the
advantage that the receive interfaces 24 may be around 100
micrometers (much larger than the transmission interfaces
12). Further, as illustrated in FIG. 5, 1n a preferred embodi-
ment of the present invention, each of the multi-mode
optical fibres 28 may comprise a core 42 which has a tapered
portion towards the receive interface 24 such that the
diameter of the receive interface 24 may be larger than the
diameter of the core 42 of the optical fibre 28. In this way,
advantageously, the diameter of the receive interface 24 may
be increased for example to around 400 micrometers.

The FSO recerver terminal 10 further comprises a plural-
ity of optical-to-electrical signal convertors 26, which are
optically coupled to the receive interfaces 24. In this
example, the optical-to-electrical signal convertors 26 are
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photodiodes PINs which are, advantageously, cheap com-
ponents. However, the optical-to-electrical signal convertors
26 may comprise any type of device capable of converting
an optical or light signal to an electrical signal.

In this first embodiment of the present invention, each of
the plurality of optical-to-electrical signal convertors 26 1s
optically coupled to a respective one of the receive inter-
faces 24, 1n this example by a respective optical fibre 28.

FIG. 4 illustrates an alternative example of an FSO
receiver terminal 10 according to a second embodiment of
the present invention. The configuration of the FSO terminal
10 1s the same as that of the FSO receiver terminal 10
described with respect to FIG. 3, except that the FSO
terminal 10 further comprises an orthogonal mode selector
30. The orthogonal mode selector 30 1s optically coupled to
cach of the receive interfaces 24, i this example by respec-
tive optical fibres, and 1s adapted to pass recerved light
signals at respective orthogonal modes to respective ones of
the plurality of optical-to-electrical signal convertors 26.

In this example, the orthogonal mode selector 30 com-
prises an orthogonal mode multiplexer (not shown) which
combines the received light signals mto a single combined
light signal. The orthogonal mode selector also comprises an
orthogonal mode splitter 30 (not shown) which then splits
the combined light signal into a plurality of light signals,
cach at a respective orthogonal mode, and passes the light
signals, along respective optical paths 34 (e.g. optical
fibres), to respective ones of the plurality of optical-to-
clectrical signal convertors 26.

The orthogonal mode selector 30 may advantageously be
a passive device (requiring no power source) and/or a static
device (whereby signals at a particular orthogonal mode are
always passed to a particular optical-to-electrical signal
convertor 26).

As indicated 1n FIG. 1, the FSO terminals 10 are intended
for operation over very short range. For example, the FSO
transmitter and receiver terminals 10 may only be a few
micrometers apart. As will be understood by those skilled in
the art, Free Space Optical (FSO) communication 1s a known
type of communication, which mvolves transmitting light
signals carrying information through free space (1.e. “wire-
lessly™).

As shown in FIG. 1, in this example, when the FSO
terminals 10 are aligned, each of the plurality of light signals
transmitted by one of the FSO terminals 10 1s received by a
respective one of the recerve interfaces 24 on the opposite
FSO terminal 10. However, even if the FSO terminals 10 are
misaligned, provided at least one of the plurality of light
signals 1s received by one of the receive interfaces on the
opposite FSO terminal 10, a connection can be established
or maintained between the FSO terminals 10.

Thus, advantageously, a tolerance to misalignment of the
FSO transmitter and receiver terminals 10 1s provided.
Furthermore, because each of the light signals 1s at a
different orthogonal mode from the others, advantageously,
the light signals will not interfere with each other during
propagation through the air. Thus, there 1s no need to
perform complex, costly digital signal processing on the
output electrical signals at the FSO recerver terminal, 1n
order to separate out and equalise contributions from dii-
terent light signals, as 1n known MIMO (multiple-1n mul-
tiple-out) systems.

Even 1n the first embodiment of the FSO recerver terminal
10 described above with respect to FIG. 3, each optical-to-
clectrical signal convertor 26 will typically receive only one
of the light signals. It 1s possible that a recerve interface 24,
and therefore an optical-to electrical signal convertor 26,
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may receive more than one light signal, when the terminals
are misaligned. However, as these light signals will have
propagated along adjacent paths, and therefore will have
experienced similar conditions, these signals will arrive at
the receive interface 24 eflectively equalised (1.e. with
negligible differences). Thus, these light signals effectively
correspond to a single light signal with increased power, and
may therefore be treated as such.

The FSO recerver 10 may further comprise a selector 36,
which 1s adapted to selectively pass an electrical signal
output by a selected one of the plurality of optical-to-
clectrical signal convertors to an information recovery unit
(not shown), which retrieves the transmitted information.
The selector 36 may comprise electronic circuitry and or a
processor unit comprising any combination of hardware and
or software. In FIGS. 3 and 4, this selected signal 1is
indicated by an arrow and the words RECEIVED signal.
Note that the signal 1s passed directly to the information
recovery unit.

In a preferred embodiment of the present invention, the
FSO receiver 10 may further comprise a plurality of optical
power detectors 38. Each of the optical power detectors 38
1s adapted to detect the power of a light signal received by
a respective one ol the plurality of optical-to-electrical
signal convertors 26. In this example, advantageously, each
optical-to-electrical signal convertor 26 and 1ts optical
power detector 38 are comprised 1n a single device (a
photodiode). However, these components may be separate
devices.

The selector 36 may further be adapted to select the
selected one of the plurality of optical-to-electrical signal
convertors 26 (1.e. the electrical signal which will be pro-
cessed to retrieve the transmitted information) based on the
power detected by one or more of the optical-to-electrical
signal convertors 26. Thus, for example, the optical-to-
clectrical signal convertor 26 receiving the light signal with
the highest power may be selected.

Referring again to the second embodiment of the FSO
recerver terminal 10 described above, with reference to FIG.
4, 1 a preferred embodiment of the present invention, the
FSO recerver terminal 10 may further comprise a processing
unit 40, which 1s adapted to form an indication of one or
more of the plurality of light signals transmitted by the FSO
transmitter terminal 10. For example, the indication may
indicate or 1dentify the orthogonal mode of the light signal
received by the selected optical-to-electrical signal conver-
tor 26. In addition or alternatively, the indication may
indicate or identily the orthogonal mode of any light signals
which are not received by the FSO receiver terminal 10 (or
which are received by the FSO receiver terminal 10 but only
at a low power). This indication may be transmitted to the
FSO transmitter terminal 10.

The processing unit 40 may comprise any appropriate
combination of software and or hardware, and may {for
example comprise one or more processors integrated to any
degree.

Referring again to FIG. 2, which illustrates the FSO
transmitter terminal 10, 1n this preferred embodiment of the
present ivention, the light signal generating unit 14 may
turther be adapted to selectively turn off or adjust the power
of each of the plurality of light signals. For example this may
be based on the indication of one or more of the orthogonal
modes (1.e. of the light signals), received from the FSO
receiver terminal 10. Thus, advantageously, for example the
power of the light signal received by the selected optical-
to-electrical signal convertor 26 may be increased. In addi-
tion or alternatively the power of any non-received light
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signals (or light signals which are only received at a low
power) may be reduced, or even turned ofl.

FIG. 7 illustrates an arrangement ol receive and trans-
mission interfaces 12, 24 on a pair of FSO terminals 10
according to a preferred embodiment of the present inven-
tion. Similarly to the example shown in FIG. 1, i this
example both of the FSO terminals 10 are transmitter and
receiver terminals and therefore comprise both receive and
transmission interfaces 12, 24. However, 1in other embodi-
ments, one of the FSO terminals 10 may comprise only
transmission interfaces 12, and the other FSO terminal 10
may comprise only receive interfaces 24.

In FIG. 7 it can be seen that as explained above the receive
interfaces 24 are much larger than the transmission inter-
faces 12. Note also that, in this example, there 1s more
receive interfaces 24 than transmission interfaces 12. Each
of the FSO terminals 10 comprises nineteen receive inter-
faces 24 and six transmission interfaces 12. Fach of the
receive interfaces 24 1s circular and the receive interfaces 24
are arranged according to “circle packing”. As explained
above, this means that the receive interfaces 24 are arranged
such that they are touching but not overlapping. The trans-
mission interfaces 12 are located 1n the gaps between the
receive nterfaces 24, 1n this example arranged around the
centre of the FSO terminal 10 interface. In this example, the
FSO terminal iterface i1s hexagonal shaped and has a
diameter of 3 square millimeters

As indicated 1in FIG. 7, when the FSO terminals 10 are
aligned, each of the plurality of light signals 1s received by
a respective one of the receive interfaces on the opposite
FSO terminal 10. Note that, however, because each FSO
terminal 10 comprises more receirve interfaces 24 than
transmission interfaces 12, not every receive interface 24
will receive a light signal.

FIG. 8 1llustrates several examples where the FSO termi-
nals 10 are misaligned. In these examples it 1s seen that the
FSO terminals 10 may be misaligned 1in any lateral direction
by 0.6 square millimeters (and all of the transmitted light
signals will still be projected within the terminal interface of
the opposite FSO terminal 10). Thus, the total lateral mis-
alignment tolerated 1s 1.2 square millimeters. However, note
that even greater misalignment may be tolerated, since as
explained above 1t 1s only necessary for one of the trans-
mitted light signals to be received by the opposite FSO
terminal 10 for a connection to be established or maintained
between the FSO terminals 10.

It 1s possible that one or more of the transmitted light
signals may fall within the spaces between the receive
interfaces 24 on the opposite FSO terminal 10 (which will be
referred to as “white space”). However, 1n this example,
when all of the light signals are projected within the area of
the opposite terminal interface, the probability that one of
the light signals 1s projected into white space 1s only 14
percent (proportional to the ratio between the size of the
terminal interface and the total area of white space). The
probability that two of the light signals are projected within
white space 1s 50 percent smaller than the probability that
only one of the light signals 1s projected within white space
(thus, 1n this example, only 7 percent).

Further, as indicated 1n FIG. 9, in this example, advanta-
geously, the transmission interfaces 24 are arranged such
that it 1s not possible, when all the light signals are projected
within the area of the opposite terminal interface, for more
than two of the light signals to be projected into white space.

In the examples illustrated 1n FIGS. 1, 7, 8 and 9, the
receive interfaces 24 and the transmission 12 interfaces are
arranged 1 a symmetrical configuration. However, 1n an




US 10,153,349 B2

9

alternative embodiment, as illustrated in FIG. 6, the receive
interfaces 24 and the transmission 12 interfaces may be
arranged 1n an asymmetrical configuration. An asymmetrical
configuration may be advantageous, as 1t may allow opti-
misation of transverse coupling of the FSO terminals 10, and
allow a reduction 1n fabrication tolerances.

The FSO terminals 10 may be provided on respective
telecommunications cards (not shown). Note that the FSO
terminals 10 may be manufactured separately from the
telecommunications cards, and then attached to the telecom-
munications cards. Alternatively, the FSO terminals 10 may
be integrated or embedded into the telecommunications
cards, for example into the PCB layer, during manufacture
of the cards.

In some embodiments of the present invention, the tele-
communications cards may be arranged such that the infor-
mation (traflic) 1s transmitted directly between them, as
described above. However, 1n alternative embodiments, as
illustrated in FIG. 10, the telecommunications cards may be
arranged such that the information 1s transmitted between
them via an optical backplane.

FIG. 10 1llustrates an example of two telecommunication
cards 44 connected via a backplane 46. The first telecom-
munications card 44 comprises an FSO transmitter terminal
10 as described above, and the second telecommunications
card 44 comprises an FSO recerver terminal 10 as described
above. The backplane 46 comprises a FSO recerver terminal
10 arranged opposite the FSO transmitter terminal 10 of the
first telecommunications card 44, and a FSO transmitter
terminal 10 arranged opposite the FSO receiver terminal 10
ol the second telecommunications card 44.

FIG. 11 1llustrates an example of an optical backplane 46
according to a first embodiment of the present invention. In
this example, the FSO receiver terminal 10 comprises a
plurality of recerve iterfaces 24, each adapted to receive a
light signal carrying information. The light signal may be at
any one of a plurality of transmission interfaces 12. The FSO
transmitter terminal 10 comprises a plurality of transmission
interfaces. The first and second FSO terminals 10 are
optically coupled together, by an optical fibre arrangement
48, such that light signals received by the FSO receiver
terminal 10 at respective orthogonal modes are transmitted
through respective ones of the plurality of transmission
interfaces 12.

In this example, the optical fibre arrangement 48 com-
prises an optical mode multiplexer or combiner 50 optically
coupled to each of the receive interfaces 12, by a respective
optical path (e.g. an optical fibre). The FSO terminal 10
turther comprises an optical mode de-multiplexer or splitter
52 optically coupled to each of the transmission interfaces
24 by a respective optical path (e.g. an optical fibre). The
optical mode multiplexer 50 multiplexes the received optical
signals, which will be at respective orthogonal modes, nto
a single, combined signal. This signal 1s then passed to the
optical mode de-multiplexer 52 by a single optical fibre 54.
This optical fibre 54 1s a multimode optical fibre, and may
be several meters long. The optical mode de-multiplexer 52
then splits the signal back into a plurality of optical signals,
cach at a respective orthogonal mode, and passes each of
these signals to a respective one of the transmission inter-
taces 24, for transmission there through.

In this example, each of the FSO terminals 10 comprise
both receive and transmission interfaces 12, 24 and accord-
ingly the backplane 46 comprises two orthogonal mode
combiners 50 and two orthogonal mode splitters 52. In this
example, the light signals combined by the respective
orthogonal mode combiners 30 are passed along the same
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optical fibre 54, but in different directions. There 1s further
provided two optical circulators 36 which pass the combined
light signals to the respective orthogonal mode splitters 52.

This embodiment has the advantage that the backplane 46
may comprise only passive components.

FIG. 12 illustrates an optical backplane according to a
second embodiment of the present nvention. In this
example, the backplane 46 again comprises an FSO receiver
terminal 10 and an FSO transmitter terminal 10. However,
in this example, these FSO terminals 10 are FSO terminals
10 as described above, with reference to FI1G. 3 or 4 and FIG.
2 respectively. In thus example, the plurality of optical-to-
clectrical signal convertors 26 and the light signal generating
unmit 14 are located on a photonic integrated circuit 58. In this
example, as illustrated by the dotted lines, the light signal
generating unit 14 1s dniven by at least one of the electrical
signals output by the plurality of optical-to-electrical signal
convertors 26. Thus, the light signals generated by the light
signal generating unit 14 are modulated with the same
information as that carried by the light signals recerved by
the FSO receiver terminal 10.

Thus, advantageously, even if only one light signal 1s
received by the FSO recerver terminal 10, a plurality of light
signals, carrying the same information, can be transmitted
through the FSO transmuitter terminal 10. Thus, the tolerance
to misalignment between the FSO terminals 10 on the
backplane and those on the telecommunication cards (not
shown), can be greater than that provided by the passive
arrangement described above.

The telecommunications cards and, where an optical
backplane 1s provided, the optical backplane may be com-
prised within a router or an optical node (not shown).

The mvention claimed 1s:
1. A free space optical (FSO) communications terminal
for a telecommunications card or a backplane, comprising:
a plurality of transmission interfaces; and
one or more lasers adapted to generate a plurality of light
signals, each of the plurality of light signals carrying
the same information as other one or more of the
plurality of light signals and being arranged for trans-
mission through a respective one of the plurality of
transmission interfaces,
wherein each of the plurality of light signals 1s at a
different orthogonal mode from the other one or more
of the plurality of light signals;
wherein the one or more lasers are configured to:
receive an indication identifying whether one or more
of the different orthogonal modes were received by
a second Iree space optical communications terminal
for a telecommunications card or a backplane; and
selectively turn off or adjust a power of each of the
plurality of light signals based the received indica-
tion;
wherein 11 the indication does not identily a respective
orthogonal mode of a respective light signal as
received by the second free space optical communi-
cations terminal or the backplane, the respective
light signal 1s turned ofl or adjusted to have a reduced
power and 11 the indication does 1dentily the respec-
tive orthogonal mode of the respective light signal as
received by the second free space optical communi-
cations terminal or the backplane, the respective
light signal 1s maintained on or adjusted to have an
increased power.
2. A telecommunications card comprising one or more
FSO terminals as claimed 1n claim 1 and further comprising
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a Iree space optical (FSO) communications terminal for a
second telecommumnications card or a backplane, compris-
ng:

12

7. A backplane comprising;:
a first FSO commumnications terminal according to claim
3; and

a plurality of receive interfaces, each of the plurality of

prising an orthogonal mode splitter;

wherein the orthogonal mode splitter 1s optically coupled
to each of the receive mterfaces and 1s adapted to pass
received light signals at respective orthogonal modes to
respective ones of the plurality of optical-to-electrical
signal convertors.

50

one or more lasers adapted to generate a plurality of light
signals using an electrical signal output by one of the

receive interfaces adapted to receive a light signal > . . .
L . . . . clectrical-to-optical signal convertors.
carrying information, wherein the light signal may be at 8 A hacknl o
, . plane comprising:

dlly One of a p}urallty of or.thoggnal modes; and a first free space optical (FSO) communications terminal
a plurality of optical-to-electrical signal convertors. comprising a plurality of receive interfaces, each
3. A free space optical (FSO) communications terminal adapted to receive a light signal carrying information,

for a telecommunications card or a backplane, comprising;: 0 wherein the light signal may be at any one of a plurality

a plurality of receive interfaces, each of the plurality of of orthogonal modes;

receive interfaces adapted to receive a light signal a 53?011(1 free Space opticali (F50) compll}nicgtions ter-

carrying information, wherein the light signal may be at 1111(11131 comprising a plurality of transmission interfaces;

any one ol a plurality of orthogonal modes; and and. ,
a plurality of optical-to-electrical signal converters; > an s?ptlglaiengse?ian’[glffgrﬁ ;Céa(l)) E[eeilsllllg; Elslitofliih :dgg,[
a plurality of optical pOWEL detectm: s, each adapted. to th%nsecond FSO }Iferminal such that received ligﬁ; S1g-

detect a power of a light signal received by a respective nals at respective orthogonal modes are transmitted

one of the plurality of optical-to-electrical signal con- through respective ones of the plurality of transmission

verters, and 20 interfaces;
a selector adapted to selectively pass an electrical signal wherein the first FSO communications terminal further

output by a selected one of the plurality of optical-to- COMPIises:

electrical signal converters to an information recovery a plurality ot optical power detectors, each adapted to

unit; and detect a power of a light signal received by a
wherein: 55 rgspective one of the plurality of optical-to-electrical
the selected one of the plurality of optical-to-electrical signal convertors, and‘ : :

_ _ a sector adapted to selectively pass an electrical signal
S}gnal .COHVE‘,I"[QI'? 1s selected bas?d on the power O.f the output by a selected one of the plurality of optical-
light signal received by that optical-to-electrical signal to-electrical signal convertors to an information
convertor; recovery unit; and

the FSO terminal further comprises one or more proces- Y Wherein:
sors adapted to form an indication identifying one or the selected one of the plurality of optical-to-electrical
more of the plurality of orthogonal modes; and signal convertors 1s selected based on the power of the
if the mdication does not i1dentify a respective orthogonal light signal recetved by that optical-to-electrical signal
mode of a respective light signal, the respective light .. convertor; |
signal 1s turned off or adjusted to have a reduced power the FSO terminal further COIPIISES ONE OT HOTE Proces-
and if the indication does identify the respective sors adapted to fO{'m an indication identifying one or
orthogonal mode of the respective light signal, the | Hote Cff th,e plurality O_f ortl}ogonal m‘?‘d:eS? and
respective light signal is maintained on or adjusted to 11 the indication doesinot }dentlﬁf a respective ort‘hogt?nal
have an increased power. 0 n:lode 9f a respective hght signal, the respective light
4. The FSO terminal according to claim 3, wherein each mgna} - turm.ad QEQI adjusted to hawf«"e a reduced powet
of the plurality of optical-to-electrical signal convertors 1is and 1f the mndication does 1de¥1t1fy‘ the respective
optically coupled to a respective one of the plurality of orthogqnal .mode. of ﬂ_le respective Light 81gnalj the
receive interfaces. respective light signal 1s maintained on or adjusted to
5. The FSO terminal according to claim 3, further com- . have am ncreased power.

9. The backplane according to claim 8, wherein the optical

fibre arrangement comprises an orthogonal mode multi-
plexer adapted to multiplex each of the light signals recerved
by the first FSO terminal into a combined light signal; and

an orthogonal mode de-multiplexer adapted to de-multi-
plex the combined light signal into a plurality of light
signals, each at a respective orthogonal mode, for

6. The FSO terminal according to claim 3 wherein each of
the plurality of receive interfaces 1s circular and the plurality

of receive interfaces are arranged according to circle pack-
ng. I

transmission through a respective one of the plurality of
transmission interfaces.
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